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GXH WR WKH KLJK FRQWHQW RI DOOR\LQJ HOHPHQW VR WKDW DIWHU KHDW WUHDWPHQW D PDUWHQVLWLF PLFURVWUXFWXUH ZDV
IRUPHGHYHQ LQ ODUJHVHFWLRQVDW UHODWLYHO\ ORZFRROLQJ UDWHV ,Q WKHPLGRI¶V WKH&U0RDOOR\XVHG IRU
WXELQJLQWKH8.ZDVPRGLILHGE\251/ZLWKWKHDGGLWLRQRI91EDQG1DQGZDVLQFOXGHGLQWKH$670




ZHUH VLPLODU LQ FRQFHSW WR WKHPRGLILHG &U0R VWHHO EXWZLWK D VOLJKWO\ KLJKHU&U DERXW & DERXW













VWUHQJWK LQ&UVWHHOVDWYHU\ ORQJ WLPHV LVDFRQVHTXHQFHRI WKHDYDLODELOLW\RIPRUH ORQJ WHUPFUHHSGDWD
SRLQWVZKLFKFRUUHFWVWKHRULJLQDORYHUHVWLPDWLRQRIWKHLUFUHHSVWUHQJWK
'XULQJ KLJK WHPSHUDWXUH VHUYLFH &U VWHHOV XQGHUJR D FRQWLQXRXV GHJUDGDWLRQ RI WKHLU LQLWLDO
PLFURVWUXFWXUH ,QRUGHU WR LPSURYHFUHHS UHVLVWDQFH VSHFLILFDOOR\LQJDGGLWLRQVDUHGHVLJQHG WRSURPRWH WKH
SUHFLSLWDWLRQRIVPDOOSDUWLFOHVVXFKDVQLWULGHVDQGFDUELGHVWRUHWDUGWKHPLFURVWUXFWXUDOFKDQJHV*HQHUDOO\
VPDOOYDULDWLRQVRIDOOR\LQJHOHPHQWVFDQOHDGWRODUJHGLIIHUHQFHVLQFUHHSVWUHQJWKRIPHWDOV>@





KRW GHIRUPDWLRQ ,Q DGGLWLRQ =SKDVH IRUPV DV ODUJH SDUWLFOH DQG GRHV QRW FRQWULEXWH WR SUHFLSLWDWLRQ
VWUHQJWKHQLQJ
5HFHQWO\ WKH =SKDVH IRUPDWLRQ KDV LQYHVWLJDWHG LQ FRPPHUFLDO &U VWHHOV E\ WKH 78''21*
(QHUJ\&60JURXS>@DQGD WKHUPRG\QDPLFPRGHOXVLQJH[SHULPHQWDOGDWDDQGD OLWHUDWXUHVXUYH\KDV
EHHQ SURSRVHG 7KH\ FRQFOXGHG WKDW WKH GULYLQJ IRUFH IRU =SKDVH IRUPDWLRQ LQFUHDVHV ZLWK LQFUHDVLQJ WKH
FKURPLXP FRQWHQWZKLFK H[SODLQVZK\ DGYDQFHG&U VWHHOV VXIIHU IURP DEXQGDQW IRUPDWLRQRI=SKDVH
ZKHUHDV&UVWHHOVGRQRW
6DZDGD HW DO > @ KDYH GHPRQVWUDWHG WKDW DIWHU FUHHS H[SRVXUH =SKDVH SDUWLFOHV DUH ORFDWHG
SUHIHUHQWLDOO\RQSULRUDXVWHQLWHJUDLQERXQGDULHVSDFNHWERXQGDULHVDQGGHOWD IHUULWHJUDLQV+HDOVRVKRZHG









WR FRQIHU WKH PHFKDQLFDO SURSHUWLHV DW KLJK WHPSHUDWXUH 7KH QRUPDOL]LQJ JLYHV WKH GHVLUHG PDUWHQVLWLF
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PLFURVWUXFWXUH DQG SURYLGHV D JRRG FDUELGH DQG QLWULGH VROXELOLW\ LQ WKH PDWUL[ DV ZHOO DV D KRPRJHQHRXV
PLFURVWUXFWXUH7KHVXEVHTXHQWWHPSHULQJVRIWHQVWKHPDWHULDODQGSURPRWHVWKHIRUPDWLRQRI0&DQGILQH
0; SUHFLSLWDWHV UHVXOWLQJ LQ D KLJK FUHHS UHVLVWDQFH 7KH GHVLUHG ILQDO PLFURVWUXFWXUH LV FRQVWLWXWHG RI D
WHPSHUHG PDUWHQVLWLF PDWUL[ ZLWK 9 DQG 1E FDUERQLWULGHV DQG &U FDUELGHV 0& FDUELGHV QXFOHDWH
SUHGRPLQDQWO\DWSULRUDXVWHQLWHJUDLQERXQGDULHVDQGDORQJPDUWHQVLWHODWKERXQGDULHVDIWHUWHPSHULQJGLIIXVH
0;FDUERQLWULGHVDUHILQHO\GLVWULEXWHGLQVLGHWKHPDWUL[
)RU JUDGHV   DQG  WKH SUHFLSLWDWLRQ VWDWHV DIWHU QRUPDOL]LQJ DQG WHPSHULQJ LV GXH WR 0;




ORQJ WHVWV LQ WKHUDQJHRI&DQGRYHU WHVWLQJKRXUV7KH ODVW UHVXOWVIURP(&&&(XURSHDQ







*UDGHV & 0Q 6L 1L &U 0R 9 % 1E 1 $O : RWKHU
;              
 0LQ             0D[             
 0LQ             0D[             
 0LQ             0D[         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KDYHEHHQ LQYHVWLJDWHGDIWHUFUHHS WHVWLQJ LQDZLGHUDQJHRI WLPHVDQG WHPSHUDWXUHVDOOVDPSOHVZHUH WDNHQ
IURP WKH KHDG RI FUHHS VSHFLPHQV 7KH FUHSW VDPSOHV ZHUH REVHUYHG E\ /0 DQG 6(0 WRR DIWHUZDUGV WKH
PLFURVWUXFWXUHVZHUHLQYHVWLJDWHGE\67(07(0DQG;5'WHFKQLTXHV




7KHJURZWK DQG FRDUVHQLQJRI0& DQG0;FDUERQLWULGHV DSSHDUV VWDEOH HQRXJKDJDLQVW FRDUVHQLQJ ,Q
SDUWLFXODU0;SUHFLSLWDWHVDUHRQO\VOLJKWO\DIIHFWHGE\DJHLQJDQG WKHLUHTXLYDOHQWGLDPHWHU UHPDLQVEHORZ






7KH DGGLWLRQ RI0R DQG: FRQWHQWV UHVSHFW WR WKH SDUHQW*UDGH  OHDG WR WKH IRUPDWLRQ RI LQWHUPHWDOOLF
/DYHVSKDVHGXULQJ WKHUPDOVHUYLFH)H&U0R:ZKLFKQXFOHDWHVPRVWO\RQVXEJUDLQERXQGDULHVDQGRQ
SULRUDXVWHQLWHJUDLQERXQGDULHV3$*%7KH/DYHVSKDVHQXFOHDWHVDQGJURZVUHODWLYHO\IDVWGXULQJWKHILUVW
KRXUV LQ WKH WHPSHUDWXUH UDQJH&&EHORZ& WKLVSKDVH UHPDLQV UHODWLYHO\ VPDOO
HYHQ DW YHU\ ORQJ WLPH EXW LW FDQ UHDFK YHU\ ODUJH GLPHQVLRQV DW & HVSHFLDOO\ LQ *UDGHV  DQG 
HTXLYDOHQWGLDPHWHUXSWRP




SUHFLSLWDWLRQ SKDVH DW WKH EHJLQQLQJ WKH SUHFLSLWDWLRQ RI ILQH /DYHV SKDVH LQFUHDVHV WKH FUHHS UHVLVWDQFH
+RZHYHU ZKHQ WKH PHDQ GLDPHWHU RI WKHVH SDUWLFOHV UHDFKHV PLFURPHWULF GLPHQVLRQV WKHLU HIIHFW RQ FUHHS
EHKDYLRXULVORVW$QH[DPSOHRI/DYHVSKDVHSUHFLSLWDWHVLQ*UDGHDIWHUKRXUVDW&DUHVKRZQLQ
)LJXUHWRJHWKHUZLWK0&FDUELGHVE\7(0WKLQIRLO









VL]H PRVWO\ LQ &U0R9 VWHHOV ZKLFK VKRZ WKH VRFDOOHG ³VLJPRLGDO´ VKDSH RI LVRWKHUPDO FUHHS FXUYHV
OHDGLQJ WRDGUDPDWLFGURSRIFUHHSUHVLVWDQFH0;FDUERQLWULGHVDUHRQHRI WKHPRVWHIIHFWLYHVWUHQJWKHQLQJ
SUHFLSLWDWHVLQWKH&UDGYDQFHGIHUULWLFVWHHOV+RZHYHU=SKDVHLVIRUPHGDWWKHH[SHQVHRI0;SDUWLFOHV





VPDOO TXDQWLWLHV RI1E DQG)H DQG LW LV XVXDOO\ DGGUHVVHG DVPRGLILHG=SKDVH7KH FU\VWDO VWUXFWXUH RI WKH
PRGLILHG=SKDVHKDVEHHQUHSRUWHGWREHWHWUDJRQDOZLWKODWWLFHSDUDPHWHUVD QPDQGF QP>@
DVVKRZQLQ)LJXUH
5HFHQWO\'DQLHOVHQ HW DO >@ KDYH HYLGHQFHG E\ HOHFWURQ GLIIUDFWLRQ WKDW PRGLILHG =SKDVH KDV D QRW
XQLTXHFU\VWDOVWUXFWXUHVLQFHLWFDQH[KLELWGLIIUDFWLRQSDWWHUQVW\SLFDORID)&&ODWWLFHVLPLODUWRWKRVHIRXQG
LQ01SUHFLSLWDWHVWKRXJKZLWKDVOLJKWO\VPDOOHUODWWLFHSDUDPHWHUD QP7KHFXELFVWUXFWXUHKDVEHHQ
IRXQG WR FRH[LVWZLWK WKH WHWUDJRQDO VWUXFWXUH7KH SURSRVHG K\EULG FU\VWDO VWUXFWXUH LV VKRZQ LQ )LJXUH E

















DJHG VDPSOHV H[FHSW LQ&K VDPSOH:LWK WKHVHDQDO\VHV LWKDVEHHQ IRXQGDOVR WKH LQWHUPHGLDWH
UDQJHRIFKHPLFDOFRPSRVLWLRQRI WKH&UULFK01FOHDUO\ ORFDWHGEHWZHHQ WKDWRI01DQG WKDWRI ORQJWLPH
DJHG&U91E1$IXUWKHULQYHVWLJDWLRQRIWKH&UULFK01SDUWLFOHVKDVUHYHDOHGWKDWWKH\FRQWDLQDWWKHVDPH
WLPH UHJLRQVZLWK GLIIHUHQW FKHPLFDO FRPSRVLWLRQ W\SLFDO RI ERWK01 DQG=SKDVH VR WKDW WKH\ KDYH EHHQ
GHILQHG K\EULGV )RU WKH VDNH RI VLPSOLFLW\ WKH W\SLFDO FRPSRVLWLRQ UDQJHV DUH VFKHPDWLFDOO\ VXPPDULVHG
DOWRJHWKHULQWKHWHUQDU\GLDJUDPRI)LJXUH




ZLWKFKHPLFDOFRPSRVLWLRQFORVH WR WKDWRI WKH=SKDVH WRZDUGV&USRRUDUHDVDW WKHFRUHZLWKFRPSRVLWLRQ
FORVH WR WKDW RI9ULFK01)LJXUHV  VKRZ WZR H[DPSOHV RI K\EULG SDUWLFOHV IRXQG LQ WKH VDPSOH DJHG IRU
KDW&DQKLJKO\V\PPHWULFK\EULGSDUWLFOHZLWKWKHHQWLUHULPKDVDIXOO=OLNHFRPSRVLWLRQZKLOH
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,QYHVWLJDWLRQ RI WKH K\EULG SDUWLFOHV VXJJHVWV WKDW WKH IRUPDWLRQ RI =SKDVH PD\ RFFXU E\ PHDQV RI D
SK\VLFDOWUDQVIRUPDWLRQRI91E1LQWR=SKDVHWKURXJK&UGLIIXVLRQIURPWKHIHUULWLFPDWUL[LQWRWKHQLWULGH












)LJXUH  VKRZV WKH FRPSDULVRQ EHWZHHQ H[WUDFWLRQ UHSOLFD LPDJHV IURP DVWUHDWHG PDWHULDO DV ZHOO DV
&K DJHG VDPSOH FRQWLQXRXV OLQHV LQGLFDWH WKH ORFDWLRQ RI JUDLQ ERXQGDULHV ZKLOH GRWWHG OLQHV
LQGLFDWHWKHSUHFLSLWDWHVGHSOHWLRQDUHDDURXQGJUDLQERXQGDULHVRIDJHGVDPSOH






















0& FDUELGHV FRDUVHQ GXULQJ FUHHS VHUYLFH DOWKRXJK WKHLU DYHUDJH GLDPHWHU UHPDLQV EHORZ  QP DW
&
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